How much of the observed segregation between black and white Americans can be attributed to income disparities between the two groups? We adopt an approach to the decomposition of segregation measures that combines the method of indirect standardization with the idea that some degree of segregation is the outcome of purely random processes. Using the dissimilarity index as a measure of segregation and data on race and income from US metropolitan areas for 2000, we find that the role played by racial income inequality in accounting for segregation is modest but varies significantly across cities. Our work suggests that for cities that are relatively small or for those where the share of black households in the total population is small, it may be useful to adjust existing measures of dissimilarity to better capture the role of non-income factors in determining segregation.
Introduction
The historical persistence of residential segregation has been widely discussed ( The existence of segregation has been attributed to some combination of neighborhood preferences, discrimination in real estate and credit markets, and the effect of racial disparities in income and wealth. While there has been lively debate on the relative importance of preferences and discrimination in housing markets, there appears to be a broad consensus that racial income disparities are a relatively unimportant factor in accounting for existing patterns of segregation. This argument has been based on the finding that the levels of segregation experienced by black households are uniformly high across all income categories Massey 1988, Farley and Frey 1994) and on results from the indirect standardization approach which we describe below. Farley et al.
(1994) go so far as to say that the "the economic explanation has largely been jettisoned." 1 We revisit the question of how much segregation can be accounted for by racial income disparities by combining the method of indirect standardization (Duncan et al., 1961 , Massey 1981 ) with the idea that some degree of segregation is the outcome of purely random processes. The indirect standardization approach quantifies the degree of segregation that would occur if households sorted themselves based on income alone. This is done by using as a benchmark a hypothetical city in which each neighborhood has the same number of households in each income category as the actual city, but the racial composition within each income category of each neighborhood is assumed to equal the city-wide racial composition in that category. The difference in segregation between the actual and hypothetical city provides a measure of the role of racial inequality in explaining segregation.
As pointed out by Cortese et al. (1976) , if household location decisions are influenced by idiosyncratic factors unrelated to income or race, segregation, as measured by the dissimilarity index, would be exaggerated. The exaggeration may be significant if city neighborhoods or minority populations are small. We modify the indirect standardization method based on this idea. Rather than construct a hypothetical city in which the racial composition within each income class is identical 1 See also Kain (1976) , Galster (1988) , McKinney and Schnare (1989) and Ellen (2000) on the relative unimportance of income disparities in accounting for observed levels of segregation. The idea the relatively moderate preferences over neighborhood racial composition can give rise to extreme levels of segregation when households make decentralized location choices was developed in the influential work of Schelling (1971) ; Clark (1991) argues for the continuing relevance of the Schelling model. Evidence on racial steering in housing markets and differential access to mortgage credit in accounting for segregation may be found, for instance, in Yinger (1995) .
across all neighborhoods, we assume only that it is drawn from the same distribution and therefore has the city racial composition as its expected value. Measured segregation in the hypothetical city now reflects sorting based on both income and idiosyncratic neighborhood preferences and the difference between the segregation index for the actual and hypothetical city can then be interpreted as the component of segregation that cannot be accounted for by either income considerations or random factors. Racial imbalances across neighborhoods arising due to such randomness can be large if the share of either the black or white population in particular income groups is small. We discuss this in greater detail below in the context of the 2000 census.
Applying this method to data on neighborhood income distributions by race for metropolitan areas in the 2000 census, we find that the role played by racial income disparities in accounting for segregation is generally modest but varies significantly across cities. Using census tracts as neighborhood units and focusing on the segregation of African Americans from non-Hispanic whites, we find that racial income disparities and randomness alone would predict indexes of dissimilarity ranging from 0.04 to 0.30, with an unweighted average of 0.10. This is far lower than the observed dissimilarity indexes which range from 0.26 to 0.85 with an average of 0.54, confirming the widelyheld view that observed levels of black-white segregation are largely due to factors other than racial disparities in income. We do however find considerable variation across cities in the extent to which income matters. The proportion of the observed index that can be attributed to income disparities and randomness ranges from 7% to 46%, with an average of 19%. Segregation rankings based on the residual index (obtained by subtracting the actual from the expected hypothetical index) can look quite different from rankings based on the original index. As might be expected, metropolitan areas with fewer households and a small percentage of African Americans are the ones for which allowing for randomness makes the most difference.
We divide our set of 331 cities into four categories based on whether they are above or below median size and whether the share of African American households in total households is above or below the median share. We find that for the first category (below median size and below median black share) 23% of the observed segregation can be attributed to racial income disparities and randomness in household location whereas for the group of cities with above median population and black share, the corresponding figure is 16%. We also find that the share explained by these factors is greatest in states in the West, and smallest in those in the Northeast.
The following section describes our methods in more detail and Section ?? applies these to data from the 2000 census. We conclude with a few summary remarks.
Method
Consider a metropolitan area with n disjoint neighborhoods. Let B denote the population of black households in the city and W the total population of (non-Hispanic) white households. In neighborhood i the population of black and white households are denoted B i and W i respectively.
A variety of segregation measures can be constructed based on the racial composition of the city's neighborhoods (Duncan and Duncan, 1955) . Although our general approach can be applied to any of these, we focus here on the index of dissimilarity which has an interpretation as the proportion of black (or white) households which must move in order for each neighborhood to have the same racial composition as the city as a whole. The index is defined as:
and varies between zero (all neighborhoods mirror the black-white shares of the city) and 1 (racially homogeneous neighborhoods). Since the index does not incorporate any information on income, high levels of dissimilarity are therefore consistent with households sorting themselves across neighborhoods based on income alone. To investigate the role of racial income disparities in explaining observed segregation, once could examine segregation indices by income group, or use a summary measure obtained by the method of indirect standardization (Duncan et al., 1961 , Massey 1981 ).
We first describe this method and then proceed to our proposed modification.
Suppose that there are m distinct income classes. Let B ij and W ij denote the number of black and white households respectively residing in neighborhood i and income class j. B j and W j are city-wide aggregates and β j and ω j refer to the city-wide shares of the two groups. The method of indirect standardization keeps constant the total population in each income class of each neighborhood, but alters the racial composition within each income class to match that of the city as a whole. Using an asterisk to denote populations in the hypothetical city, we have
Total black and white households in neighborhood i of the hypothetical city are, respectively,
These magnitudes can then be used to compute an index of dissimilarity for the hypothetical city, namely
If segregation by race was purely an unintended by-product of socioeconomic stratification, then D h and D would be equal. If, on the other hand, households sort themselves based on both income and race (or characteristics correlated with race), D will exceed D h . Figure 1 shows actual and hypothetical city data for New York County (Manhattan), with neighborhoods corresponding to census block groups. 2 Despite significant racial disparities in the distribution of income, the black population is spread far more evenly across the hypothetical city. 3 The areas with relatively large black populations in the hypothetical city are precisely those with low average incomes. Neighborhoods that are poor but predominantly white in the actual city are disproportionately black in the hypothetical city. The racial composition of the hypothetical city therefore provides a visual description of the spatial distribution of income.
It has sometimes been argued that the benchmark against which the dissimilarity index should be compared is not the perfectly even distribution which results in a zero value of the index, but rather the expected value of the index when each neighborhood is occupied by individuals drawn randomly from the population of the city (Cortese et al., 1976) . For the standard dissimilarity index, this expected value turns out to be negligible, especially in larger cities with sizeable black populations (Massey, 1978) . However, with the method of indirect standardization described above, allowing for randomness could have significant effects because even in metropolitan areas in which the share of the minority population is quite large, there could be income groups in which it is small.
Insert We allow for randomness in a straightforward manner. Let T jk denote the total (black plus nonHispanic white) population in income class j within neighborhood k. Then the number of black households in this income class of this neighborhood is obtained by random draw from a binomial distribution with total trials T jk and probability of success β j . This is done for each income class and neighborhood to generate a single random hypothetical city, for which the dissimilarity index can be computed. The process is repeated a large number of times to generate a sample of dissimilarity indexes for the city. We found that 100 repetitions were enough to generate a closely clustered distribution. The mean of this sample, denotedD h , is then an unbiased estimator of the expected value of the dissimilarity index with random assignment of individuals to neighborhoods within each income class. In the next section we present these means for different U.S. metropolitan areas.
For most major cities with significant black populations, the difference between D h andD h , turns out to be negligible. There do exist metropolitan areas, however, for which the difference Two facts are apparent: allowing for randomness has a negligible effect in a city of this size and diversity, and a very small portion of the level of segregation can be attributed to racial income disparities. The reason is not that racial income inequality is low, but rather that "the degree of residential segregation between socioeconomic classes is not particularly impressive" (Massey, 1981, p.645).
Data
The 2000 Census provides data on household income distribution by race at the level of census tracts. 5 There are sixteen income classes in all. Some cities are part of vast consolidated metropolitan areas (CMSAs) containing multiple nuclei; such areas are further divided into Primary Metropolitan Statistical Areas (PMSAs) each of which can be identified with a single nucleus.
For instance Newark and New York belong to different PMSAs but are both part of the same vast CMSA which includes significant portions of New York, New Jersey and Connecticut. In selecting the geographic boundaries of metropolitan areas, we have chosen to include only those counties which are part of the PMSA to which the city of interest belongs.
We begin by reporting, in Table 1 there may be systematic regional variation in the extent to which segregation can be attributed to 5 Much of the literature on segregation uses census tracts rather than block groups, and we follow this tradition.
Note, however, that tracts that seem integrated can be composed of blocks that are themselves racially homogenous. Fort Lauderdale, Jacksonville, Oakland, Raleigh and Richmond. 7 Income distributions by race are available at the census tract level only for households, and only in the STF3 data set. Most segregation studies use STF1 data on persons, so conformity with our results cannot be exact. Our use of STF3 data also introduces sampling error into our estimates, but given the large number of households in each metropolitan area we expect this to be negligible.
racial income inequality. Table 2 shows results for the 20 metropolitan areas that were the most segregated according to the dissimilarity index in 2000. Again, we find that racial income disparities play at most a minor role in accounting of segregation, with the sole exception of Provo-Orem in Utah. This metropolitan area has a negligible black population, however, and it may be that much of the observed segregation can be attributed to random chance. For the remaining areas, hypothetical city segregation levels range from 0.05 in Nassau-Suffolk (Long Island) to 0.15 in Milwaukee. The average for the twenty cities is just 0.11, even with the inclusion of the outlier. The actual dissimilarity index ranges from 0.73 in Bergen-Passaic to 0.85 in Detroit, averaging 0.77. As before, there is some geographic variation in the proportion of D that is explained byD h . Excluding Provo, this ranges from 7%
in Nassau-Suffolk to 18% in Milwaukee. This variation implies that certain area may be ranked quite differently depending on whether D or D r is used. For instance Philadelphia is ranked 19th according to the standard measure but drops to 31st under the adjusted measure, while Long Island rises from 14th to 4th.
For most cities in Tables 1 and 2 , we find thatD h does not differ substantially from the simpler measure D h and neither of these comes close to approximating observed levels of segregation D.
Segregation in these cases can therefore reasonably be attributed to non-income factors. This is much less true for cities that are small in terms of their total populations and have fewer African
American households. We divide our 331 MSAs into four categories based on whether the population share of black households (among all black plus white households) is above or below the median share of 7.5%, and whether the total number of black plus white households is above or below the median value of 95,752 households. The percentage of total segregation explained byD h is 23% in small cities with small black shares; this is much larger than corresponding figures for other categories of cities. These results are not surprising since a small number of neighborhoods in a city makes it relatively more difficult for households to sort by both income and race. Income sorting is therefore likely to be more important than in larger cities. Also, given city size, a small number of black households is likely to lead to greater racial imbalance through purely random processes.
We also find that modifying the indirect standardization approach by allowing for some randomness in household location makes the most difference for cities that are both small in size and have small black shares. For this category, average segregation in the hypothetical city without allowing for random location is 0.05, whereas the mean value ofD h is about double this at 0.11. For the remaining categories of cities (which have above median population sizes and/or above median black shares) randomness plays a negligible role and one may reasonably conclude that levels of hypothetical city segregationD h reflect racial income disparities and sorting by income. For this latter class of cities, Table 4 displays variation by census region. 8 We have examined the extent to which income differences across racial groups can account for observed residential segregation, building on the indirect standardization approach by allowing for some randomness in the allocation of households across neighborhoods. Our decomposition is based on the comparison of observed segregation with the segregation that would occur in a hypothetical city which is identical in the number and size of neighborhoods but where the city share of each race determines the probability of a household being allocated to a given neighborhood.
Since our approach generates a hypothetical allocation, it could be used with any of the standard segregation measures. We focus on the dissimilarity index in our analysis of data from U.S.
metropolitan areas in 2000 simply because this is the measure most frequently used in the literature. Our findings suggest that contemporary levels of segregation are not driven by sorting across neighborhoods on the basis of household income. We note, however, that racial disparities in accumulated physical and financial assets are significantly greater than those in income (Oliver and Shapiro, 1997) . To the extent that stratification by wealth exceeds stratification by income in metropolitan areas, our results will understate the importance of economic disparities in accounting for segregation.
The noneconomic component of the dissimilarity index expresses the combined effects on segregation of neighborhood preferences, discrimination and other factors unrelated to racial income disparities. Use of our decomposition does not permit one to distinguish among these determinants. Our finding that the effect of racial income disparities on contemporary levels of segregation is modest does, however, underscore the importance of examining preferences and discrimination.
It also provides a straightforward method of assessing the extent to which narrowing racial income disparities have played a role in recent declines in segregation, and in the increasing stability of integrated neighborhoods in certain areas (Cutler et al., 1999 , Ellen, 2000 .
While racial disparities in the distribution of income may be a relatively unimportant factor in accounting for existing segregation, our analysis shows that there is sufficient variability across cities in the contribution of this factor to warrant further exploration. When interpreting differences across cities in levels of segregation, it is important to take account structural and economic factors that may cause one city to have higher levels of segregation than another, even if preferences over neighborhood racial composition were identical. Our analysis suggests that such comparisons are reasonable if cities are either sufficiently large or are sufficiently heterogeneous with respect to their racial composition. We also find that economic inequality can account for a somewhat greater proportion of segregation in Western states. Segregation in the Northeast, in comparison, is driven by largely noneconomic factors.
We expect that the role of racial economic inequality as a determinant of segregation will increase over time. Farley and Frey (1994) , for instance, predict a "stronger link between the economic status of blacks and integration" as the institutionalized segregation of the Jim Crow laws recedes further into the past. By keeping track of the separate components of segregation,
such predictions can be empirically tested as new data become available.
